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ABSTRACT / ' 

Approp'riate technology options for sewage management 
systems are explained in this four-chapter report. The use of 
appropriate technologies is advocated for its. health, environmental, 
and economic benefits. Chapter 1 presents background information on 
sewage treatment in the* United States and the key issues facing 
muriicipal sewage managers. Chapter 2 outlines conventional sewage 
treatment systems and introduces alternative and irinovative 
technologies. Chapter' 3 presents case studies of the experiences of 
five municipal systems, including the technologies involved, costs, 
project problems and subsequent solutions, and current status. These 
projects (funded by the Department of Energy's Appropriate Technology 
Sipall Grants Program) focused on vermicomposting, apaerobic primary 
treatment, digester gas recovery and use, electricity from effluent 
outfall, and an energy audit/conservation plai>. Chapter 4 reviews 
some of the lessons learned arid examines future possibilities. Each 
chapter includes a- glossary- and' abbreviations list, V 
references/sources, and a list of agencies or individuals able to 
provide further assistance. A list of selected sewage treatment 
projects from the Department of Energy Appropriate Technology Small 
Grants Program is included in an appendix. (ML) 
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INTRODUCTION 



Managers of municipal sewnge systems 
across the country are confronted with a 
seemingly contradictory set of challenges.^ 
How can they reducfe pollution and yet 
operate within their shrinking city budgets? 
PJow c^n they conserve energy and yet 
effectively process a groWTng volume of 
sewage? 

A]5proprlat6 technologies have shown 
that they can provide some of the ans)vers 
and at the same time help sewage plant^ 
managers ojDerate systems more efficiently 
and with le8s 'thre<it to the environment and 
humaahealth. And there are other benefits 
as well. For example, the problem of reduc- 
ing pollution does not have to be expensive. 
On the contrary, by using appropriate 
technologies, money can be saved in the 
long run by conserving resources through 
recycling wastes. 

More than t^o dozen projects concerned 
with wastewater treatment, inversion, or 
use were funded by the U.S/ Department of 
Energy's Appropriate Technology Small 
Grants Program . Theto projects were 
awarded to individuals And groups^ as di-' 
verse as homeowners, farmers, and the 
world's largest wastewater treatment plant 
in Chicago, But all th^ grantees shared a 
common concern: that it is simply too ex- 
pensive, both at the broadest ecological 
level and at the increasingly critical eco- 
nomic level, to continue wasting materials 
that are, ip fact, resources. 

They also shared a common gohl of re- 
ducing sewage treatment costs. Many cities 
^aved money by implementing appropriate, 
technologies that improve, upgra(;le, or 
expand-f existing systems. Others in the 
field tested basic i)ew ideas, constructed 
bench-scale systems, or used appropriate 
technologies in innovative ways at 'full- 
sqale. As. the various technologies were 
tested and implemented, two main lessons 
b>ecaine dear: significant amounts of the 
energy and water resource* going into 
sewage collection and treatment can be 
conserved, and wastes can be convertedio 
resources, Bqjth conservation and waae 
conversion can savQ the taxpayers' money, 
and at the same time can often reduce 
pollution. ' 

WostM to Rmoutcm: Appropriot* T#ch- 
nologlM for S«w€qi« Tr«atm«nt «pid Con- 
Ttralon Is intended to introduce sewage 



system managers, municipal administrators, 
and interested professionals and citizens to 
a general background of appropriate tech-, 
nology options for sewage manaciement. 
Many of these technoloOies have shown 
that they work on existing, traditional sew- 
age systems; others niay hold promise for 
the future. 

Chapter One presents background infor- 
mation on sewage treatment in the Unit0d 
States and the key issues facing municipal 
sewage man^ig^ra, Chaptei* Two outlines 
conventional sewage treatment systems 
and introduces alternative and innovative 
technologies. 

The case studies in Chapter Three pre- 
sent the experiences of five municipal sys- 
tems: the technologies involved, the costs, 
the project problems and subsequent solu- 
tions, the energy considerations, and the 
current status of each project. All five were 
funded through^ the U.S. Department of 
Energy's Appropriate Technology Small 
Grants Program. (Appendix A lists other 
projects funded by the Department of En- 
ergy under this program.) 

Chapter Four reviews some of the lessons 
■ learned and future possibilities for the 
application of appropriate technologies to 
sewage trealment and conversion. Each 
chapter includes a glossary and abbrevia- 
tion list, reference sources, ^nd a list of 
agencies and people who can provide* fur- 
ther assistances^ 
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SEWAGE COLLECTION AND TREATMENT: THE MAJOR ISSUES^ 



A 



merican towns and cities face mdny 



broad challenges related to sQwape collec- 
tion And treatment. They HaV^ to protect 
hpman and environmental hearlth, to main- '< 
tain or improve ^ater and air quality, and 
use land, water, and energy effectively. 
They also have tdlcope with a mace of local, 
atate, and^Fe^Wal regulations. And they 
have to decide how to spend — or not to 
spend — great sums of money to build and 
operate sewage systems. Appropriate tech^ 
nologies can be applied to help meet all of 
these challenges while saving costly energy. 



GLOSSAFti 



Inorgontc Compounds: 
Thostt compounds lacking 
carbon but including th« car- 
bonates and cyonidAt: not 
having organized anatomical 
structure animal or vege- 
table lif«. 

Orgonlc Compounde: 
Referring to or derived from 
living organisms. In chemis- 
try, any compound contain- 
ing life. 



Sow«9«! 

The waste matter from do- 
mestic, commercial, and in- 
dustrial sources carried by 
sewers. ^ 

Sludgo: 

Mixture of organic and Inof- 
gonic substances separated 
from the sewage: generally 
wastewater with 3 to 8 per- 
cent solids. . t 



HIALTH J^ND POLLUTION 



Historically, inadequate sewage handling 
and treatment has been directly responsible 
for outbreaks of diseases such as typhoid and 
cholera. Improved sanitation has largely 
controlled waterborne diseases in both 
urban and rural areas. However, modern 
research has shown that organic and inor- . 
ganic compounds may cause' other long- 
term health problems such as cancer and 
genetic defects. 

The U.S. Environmental Protection Agency 
(EPA) lists over 1,000 organic and inor- 
ganic .compounds that are disposed of Jn 
the waste\^ater of a typical home, Mp[^ 
than one hundred of these are known tcWbe 
potentially dangerous . when discharged 
intQ surface waters or ground woter. Many 
additional hazardous comF>ounds are part 
of commercial and industrial wastewaters. 

A survey in 1982 for the EPA's Toxic Pol- . 
lutants Control Pr.ogtam found that a me- 
dian of only 72 percent of the toxic organic 
compounds entering municipal sewage 
works was removed. In many caseS; inor- 
ganic <:ompounds qr viruses pass through 
8e\^age work$ without being separated or 



treated, and can contaminate surface wa- 
ters or ground water. Those thm are not 
removed or treated generally are found in 
jS^ludge, Ammonium and nitrates are often 
present in the liquid effluent and are of 
particular concern because they can bq 
harmful to aquatic life. 

Studied also indicate that trace metals,' 
such as lead, mercury, cadmium, and zinc 
often are not removed by sewag^^ treatment 
plants. High levels of heavy metals are 
known to cause severe neurological symp- 
toms, chromosome damage, and even death 
in humans. 



WATER AND SOIL CONTAMINATION 



About '22 billion gallons of wastewater^ 
pass through municipal systems every day. 
Much of this wastewater eventually reaches 
drinking water sources. 

Together, septic tan)cs and cesspools are 
the greatest sources of wastewater discharge 
into the ground. Also, qpe-fourth^of the 
municipal treatment systems in the country 
use some form oi wastewater treatment 
lagoon, and it is estimated that 60 million 
gallons of wastewater leak froSfi these la- 
goons every day. An addif:ional 2.3 billion 
gallons of untreated And treated wastewater 
are applied daily to the land. If this waste- 
water is improperly treated o'r applied, it 
can pollute -drinking water sources or can 
contaminate the soil with undesirable con- ^ 
centrations of chemicals. 

Water pollution can be caused by mate- 
rials in sewage thAt inhibit or encourage, 
biological growth. Toxic substances can 
pollute water and kill both plants and ani- 
mals. Inorganic materials, such as phospho- 
rus and nitrogen; can <jver-stimulate plant 
growth which depletes'the water's :pxygen 
and thereby causes massive fish kills. 



Modem, nriechankol Xatte- 
water Iredtifftent plantt typi- 
cally ute large amountt of 
energy and chemlcalt and 
relatively little land. Alter- 
native biological wattewoter 
treotment tyttemt generolly 
ute tmall amountt of exter* 
nal energy but require largiir 
omounit of land. In both in* 
ttOncet' tewage treotnfierV 
byproductt can be uted ben- 
encipfly on the lond. 

ay, disturbed (and it 
ij-eckilmed with sludge, 



wastewater is being used for 
irrigation, and sewag# treat- 
ment is being integrated with 
other land uses.' If all of the 
nutrients in the country's 
sewage were recycled ond 
used on the land, it would 
provide 12 percent of the cur* 
rent demanci for commercial 
nitrogen fertilizers and 20 
percent of the demand for 
phosphorbs fertilizers, with 
o total value of over $1 billion 
per year. 
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SBWAGB COLLECTION AND TREATMENT: THE MAJOR ISSUES 



\ 



LAWS AND mOULATIONS 



There have been many environmental 

*'"laws and regulations developed io recent 
years that^pply to sewage system^, most 
significantly ^t the Federal level. However, 
in several cases, such as under the Clean 
Water Act, the states are enfcoilraged to be' 
active partners. As of January, 1983, 35 
states now issue permits and enforce com- 
pliance to meet the minimum Federal stan- 

" dards. On the other hand, health and land' 
use related regulations aYe most often the 
responsibility of county and municipal 
authorities. ^ , 

Major sewage treatment projects face a 
gamut pf regulations, from environmental 
impact statements to local zoning permits. 
More frequently, local siting and zoning 
problems are proving t<j be the most diffi: 
cult to overcome becausjs of persistent mis- 
conceptions and. apprehensions about the 
nature of sewage treatment. Becau&e so 
many considerations affect the siting, con- 

' struction, and operation of sewage treatment 
f^icilities, a full survey of . environmental 
arid land use factors, and an ^exhaustive 
review of regulations which may pertain, 
are.imperative first steps in planning a sew- 
age system. ' 

Early Federal laws recognized that water 
quality had to be lYnproved, but these were 
general in nature! and did not specify the 
methods to achieve cleaner water. The Fed- 

' er^l Water Pollution Control Act Amend- 
ments of 1972 set ambitious goals to restore 
and maint^iin the nation's water quality, 
and it allocated $18 billion (for fiscal years 
1973-75) to improve municipal sewage col- 
lection and treatment in the country. The 
emphasis at that time, however, was for 
municipalities to act quickly to cllfein up 
water, .which tended to discourage innova- 
tion and favor the constructiQ^i^f systems 
based on staYidard designs. 



FINANCING 



The major source of federal funding ior 
municipal sewage collection and treatment 
facilities 18 the EPA's Construction Grants 
Program, authorized by the Clean Water 
Act. This program provided over $34 billion 
for the construction or improvoipent of 
sewage facilities between 1972 .and 1983; 
states and municipalities coptrlbut#d' ^ 
additlorial $15 billion. The environmenw] 
Protection Agency estimates that, through 



the year 2000, an additional $70 billion will 
be needed to construct or impnoiAe sewagj^ 
facilities. In 1982, the Construction Grants 
Program provided as much as 75 percent of 
the funds required for construction of sew- 
age facilities, and it provided as-much as 
85 percent (proposed to be reduced' to 
75 percent in 1984) of the funding for alter- ; 
native or innovative treatment^ systems oY \. 
components. Funds under this program,( 
which may also cover land costs, are allo- 
cated on a priority basis so that the most 
serious ^purees of pollution are dealt with 
first. 

The Innovative and Alternati^.^ Program 
was includeci in the Clean Water Act of 
1977 to foster the development and;, use of 
technologies that reclaim and re-use water, 
recycle wastewater constituents, eliminate 
the discharge of pollutants, or recover 
energy. By September 1981, 1 ,035 projfects 
had been funded to use innovative and . 
" alternative technologies. These projects 
have included aquaculture, " composting, 
land application, on-site treatment, and 
solar applications. 

Other Federal programs have been estab 
lished intermittently, such as the Depart- 
ment of Energy Appropriate Technology 
Small Grants Program, that provide funds . 
that can be used for sewage treatment 
projects.. ^ ^ ' 

Most states provide some (orm of finan- 
cial assistance either through direct grants 
or loan programs. In many cases, state 
contributions are inversely proportional to 
Federal contributions. Federal and state 
financing rarely combine to pay 100 percent 
' of project costs, although there are situa- 
tions when funding mixes can meet all costs. 

The two traditipfiSf Sources of local fund- r 
ing are user lic^ or municipal bonds. The 
primary limwMpn with municipal bond 
issues is the current indebtedness of the 
community; a city wiTh a significant debt 
will probably be unable to issue bonds. 
Recently, some districts have used tax-fl'e^. 
Industrial developnient j^onds to finance 
projects. ^ 

A n!lmber'of alternative financing options 
are being developed for municipalities, 
many of them involving the ^cooperation of 
cities and local businesses. This may be 
particularly appropriate if it i« necesi^ary to 
pretreab^industr^l washes entering the mu- 
nicipal system. With the significant capital 
. outlay required for sewage facility construc- 
. tlon, operatibn, ?ind. maintenance, everyv^ 
financing option should be explored. 
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CHAPTER TWO 



SEWAQE MANAGEMENT, TREATMENT/CONVERSION, USE, AND DISPOSAL 



Knowing which appropriate technologies 
chn be used to solve sewage treatment prob- 
lems requires an understanding of present 
^practices. Conventional systems and alter- 
natives already .in use provide the context 
for appropriate technology applications. In 
this chapter/an array of existing technolo- 
gies is brieflf^ introduced and reviewed. 



GLOSSARY 



A#roblct 

Lif« or biological proc«ss«» 
that tfon occur only in th« 
pr«s«nc« of oxyg«n. 
AM«robic: 

Lif« or biologicol proc«ss«s 
that occur In th« absence of 
oxygen. 
•OO: 

Biochemical oxygen demand. 
C#ntr«llz«4 S#w«9* 
TrMtiMnt; 

The collection and treatment 
of sewage from many sources 
to seporate pollutants and 
pathogens from the waste- 
water. 
IffluMt: 

The treated wastewater dis- 
charged by sewage treot- 
ment plants. 
, lvfi|M>tr«nspir«tlon: 
The water released from 
plants as they grow and the 
evaporation of water from 
plant surfaces and a/ijacent 
soil. 

F«€ult«tlv« Pon^t 

Ponds having an aerobic zone 
on the top and an anaerobic 
zone on the bottom. 



Inflltrvtlon: 

Leakage of ground* water 
through poor joints, etc. into 
tfie sewoge coll»ctlon^system. 

InfluMt: 

Wastewater going into the 
sewage treatment plant. 

MOD: 

Million gallons per day. 
^•rcokitiont 

The filtering of a liquid 
passed through a medium 
with many fine spaces. 
Polishing TrMtin#nt: 
The final sewage treatment 
process to further reduce 
BOOs. SS. and other pollu- 
tants. 

tftclrculatlon: 

Returning a fraction of the 
effluent outflow to the inlet 
to dilute incoming waste- 
water. 
SS: 

Suspended Solidk. 



TREATMENT SYSTEMS 



Convmntlonol Cenfralized Plants 

Most of the urban centers in the United 
States are served by conventional treeitment 
plants "which use mechar^ical and chemical 
processes to break down and treat sewage. 
Most of these plants incorporate four basic 
stages: preliminary, primary, secondary, 
and advanced (see Figure 2.1). Wastewa^r 
treatment 'is usually concluded with disin- 
fection of the effluent, most often by 
chlorination. 



Lagoons 

Lagoons require large amounts of land 
and are best suited to warm and moderate 
climates. However, lagoons continue to be 
a useful alternative, particularly for smaller 
communities, because of the low construc- 
tion costs and minimal operating require- 
ments. Lagoons genially do nqt treat waste- 
water as effectively as conventional plants, 
but they can be used in many parts of the 
country, because systems with low flow 
rates are permitted to release higher levels 
of suspended solids than larger systems. 
Odor and mosquitoes are common t:)roblems 
with lagoons, and the nutrients and minerals 
that settle to the bottom are rarely reclaimed- 
There are generally three types of lagoons 
that are used for all levels of treatment: 
anaerobic, aerobic, and facultative. 

Anaerobic lagoons are relatively deep, 
with minimal dissolved oxygen except at 
the surface. Levels of BODg and SS are 
commonly reduced by 50 to 70 percent. 

Aerobic lagoons are generally less than 
2-feet deep and use the action of wind, sun- 
light, and algae to convert wastes. While 
treatment efficiencies can be very high, 
the algae that convert the wastes can create 
higher BODs and SS conditions than the 
wastewater had originally. To achieve max- 
imum results, lagoons must be deeper and 
use mechanical aeration, 'which consumes 
large amounts of energy. 

Facultative lagoons have an aerobic 
zone on top and an anaerobic zone on the 
bottom. This requires depths of about 12 feet 
at the inlet to as little as 3 feet at the outlet. 
Either a prelkninafy, treatment stage or 
recirculation is required to keep the surface 
pne aerobic. Sludge build-u^ in well- 
managed facultative ponds is relatively 
low, and a trench at the entrance end can 
be used to .accumulate the sludge that is 
produced (see Figure 2.2). 



Aquaculfun 

Aquaculture treatment of sewage began 
to develop when hyacinths were added to 
traditional lagoons to produce cleaner 
water and reduce odors. Water hyacinths 
are moat co^imonly used to treat wastewater, 
but aquaculture systems can also use other 
aquatic plants, animals, or both. 

If water hyacinths are used to treat waste- 
water from facultative ponds, they are capa- 
ble of producing very clean effluent. Hya- 
cinth ponds alone can be very effective in 
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S«woo«'tr*otm«nt p«rfor- 
monc« It commonly m«o* ( 
tur«d In t«rmt of bloch^mlcol 
oMyg«n d«mond. tutp^nd^d 
iohdt. and phoiphorui- 

Th« omount of oxyg«n 
n*«d«d by boct«rlo ond oth«r 
microoroonltmt to oxldl^ 
organict for food ond •n^rgy 
It colt«d blodiMilcal OKy- 
§•» ilMMin^ (BOD). Bio- 
ch«micol oxygen d«mond U 
o proc«tt thot occurt ov«r o 
period of tlm«. ond it it com- 
monly mMtur«d for o fiv«- 
doy period. r«f«rr«d to ot 
iODs. Bioch«micol oxyg«n 
d«mond it on importont wo- 
t«r quollty mMtur«m«nt. 
b«cout« th« typ« of oquotic 
lif« It d«t«rmin#d by th« 
omount of oxyg«n in th« 
wot«r. 



Wott« partlcl«t tuip#nd*d 
in WQt«r, r«f«rr*d to ot sun- 
l»#flMl«il toll^ (SS). con har- 
bor hormful microorgonitmi 
and toxic ch«micoit. Sut- 
p«nd«d tolidt clou4 th« wo* 
t«r ond mok« dit infection 
mor« difficult ond cottly. 

Hio^phorut (P). In Itt In* 
orgonic formt it n*c«ttory 
ot^om« Uv«lt. but wh«n it 
it conc«ntrot«d it b«com«t o 
pollutont thot con ov«rlood 
•cotytt«mt b«yond th«lr co- 
pocity to ottimilot« it. Thit 
not only upt«tt th« biological 
balance, out alto dimlnlth«t 
th« natural capacity of th« 
•nvironm«nt to br»ok down 
and ut« wattes. 
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Figure 2.1 MeBSuring Sewage Treatmeni Performance 



treating wastewater if reciriulatian is used. 
Hyacinth ponds are 2 , to 3-feet deep and 
typically require 5 to 15 acres per million 
gallons per day to achieve secondary to 
advance^! ti^atment water quality (see Fig- 
ure 2.3). fPi9;ids are primarily aerobic, and 
about one-fifth of the surface is kept cleared 
of plants to h6lp maintain aerobic condi- 
tions at the surface. Water hyacinths can 
be harvested for use as a fertilizer and soil 
conditioner, or as an animal feed supple- 
ment. Hyacinths and sludge also make an 
ideal compdst^mixture. 

Full-scale hyacinth ^ treatment systems 
are now operating in Texas, Florida, and 
Mississippi. The largest hyacinth pond sys- 
tem in the country is' being planned fOr 
Stockton, California. '4 
Hyacinth ponds are used today only in* 
warm climates because the plants die when 
exposed to freezing temperatures (see Fig- 

. ure 2.4).^ Duckweed, watercmwf and cat- 
tails are used ill cooler climates. Iji cold 
regions, other plants that normally tolera|e 
colder weather, such arf European irts, or 

^new genetic strains oi pfanta may provide/ 
alternatives. Mosquitoes can be a problem 
with all lagoon systems, but they can be 

"controlled if fish are aclfjed tq aquaculturp^ 
treatment Systems. • ' ^ 
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Figure 2,2 Typical Facultative Lagoon 
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Figure 2.3 Wafer Hyacinth Treatment Basins 
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Wastewater and sludge are treated by 
land'appUcation in about 1 ,200 locations in 
the United States. If properly handled, 
laTid treatment can be more, effective than 
conventional secondary treatment% and 
operation nnd maintenance costs are usu- 
ally low. It requires larger areas of land 
than conventional plants, ^t it is well- 
suited to small community neieds, especially 
in agricultural areas. Three main land 
application techniques are used: slow-rate, 
4-apid infiltration, and overland flov*. The 
suitability and elfectiveness of these, tech- 
niques depend on the availability of land 
with the proper characteristics (see Table 
2. 1) When trace metals are a problem, lime/ 
or other pH adjusters must be applied to 
stabilize thdse metals on acidic soils. Con- 
sequently, operating costs are generally 
lower with allealirie Soils. 

Slow-rat9 is the most pK>pular and reliable 
land treatment method (see Figure 2.5). 
Primary treatment is required to remove 



aolids that might clog the equipment and 
reduce levels to <pontrol odor prob- 

lems. The sewage Is treated when the vege- 
tation absorbs and uses the sewage nutri- 
ents and water. What isn't absorbed by the 
plants either eUporatee -or percolates 
through the soil. 

With rapid inUltration, wastewater 'is 
spread in porous basins ^nd treatment oc- 
curs in the soil (see Figure 2.6). Wastewater 
ugjially receives primary treatment to reduce 
solids and BOD3. %trogen and salt build-up 
in the soil may b^imiting factors to this 
and other land trealnnent methods. A build- 
up of nitrogen can inCT«08e the concentra- 
tion ofnikmtes, which nre easily leached, 
out Tiffne soil, and can contaminate ground 
water. High salt levels restrict the ability of 
plants to take up water and nutrients. 
^ With oTMlahd How, wastewater is ap- 
plied upslope and allowed to flow downhill 
through vegetated surfaces to runoff col- 
lection ditches-and into lagoon basins (see 
Figure 2.7). Preapplication treatment is 
normally used to remove grease and some 
solids. Overland flow is an excellent pol- 
ishing treatment if it follows conventi<|^ial 
secondary treatment. 

In a variation of land application treat- 
ment, wetlands can be used to treat waste- 
water in areas where the water table is at 
the surface. Wastewater is treated by the 
biological processes of 9 complex ecosys- 
tem, as well as by ev^potranspiration and 
percolation. Wetland systems can achieve 
higher removal efficiencies than mechan- 
ical systems. Natural wetlands, such as 
marshes and swamps, or artificial wetlands 
have been used to treat bofh raw and treated 
wastewater (see Figure 2.8). 



ChciracfttrUflcs 




Application Method 








RapM InfHfraflon 


Overlami Plow 


Slop* .. ^' 


Lttftft than 20% on cultivated 
land: \%%% than 40% on non- 
cultivated land. 


Not critkal: •^^VS^tve tlopet 
req u Ire V ucb •'ffr th wo rk . 


Slopet of 2 to 8%. 


Soil PttrmMbllity 


Moderately tlow to moder- 
ately .rapid. 


Rapid (tands, loomy tand«). 


Slow (clayt. tiltt) and tollt 
with Impermeoble borriert). 


D«pth to Grouhd Wot«r 


2 ft to 3 ft (mlnlndum). 
« 


10 ff (letter deptht are ac> 
ceptable where underdrain- 
age It provided). 


Not critical. 


Climatic ftMtrlctlQjUt 

1 


Storq^e often needed for 
cold weother and 
precipitation. 


None (pottibly modify op- 
eration in cold weother). 

*t 


Storage often needed for 
cold weather. 


' Land Ar#a p^r MOD 


57 to 560 ac 


2 to 57 ac 


16 to Iliac 


Sourc*: Op«ra«on and Main t#nanc# Cont/d#ftJffont for Lend lf%Q\m%n^ %yf%\%n\\, EPA 600/2-82 039, NTIS, Springfield, VA, Jun« 1982. 
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FlQurtf 2.5 Slow Rate Land Application 
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Figure 2.6 Rapid Infiltration Land Application 
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Figure 2 J Overland Flow Land Application 
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• With most sewage treatment systems, two 
prckiucts result: liquid effluent and sludge. 
Suitably treated, liqiiid effluent may be 
dischgrged Into surface "Water bodies, in- 
ject^d into the ground, or re-used for irri- 
gation or industrial process water. In the 
same way that appropriate technology can 
provid^ alternatives to conventional sewage- 
,treatDTOnt processes, it can aldo^f^r alter- 
native options for the use of sludge. ^ 

Sludge is composed of 3 to 10 percent or- 
ganic and inqrganic solids; the rest is water. 
In the United States, mor^ than half of the 
sludge-pioduced is disposed of In landfills 
or by lapd application (see Figure 2.9).' 

Methane is produced naturallyVom the 
breakdown of* sludge buried in landfills, 
and '^is resource can be recovered. Instead 
of allowing the gas to rise to the surface 
and escape, wells are drilled into the land- 
fill, and the gas i8 collected and processed 
for use or sale (^e Figi^re 2.10). ^^roper 
planning and management of the landfill 
can increase the amount of gas produced 
and recovered. 
^ Much of th^ work curre 
to improve the handling, ^s^ 
of sludge involves improved* 
techniques, sucK as the rtfcj 
of heat from incineration. The appropriate 
technologies that are most .commonly ap- 
plied in sludge management include land 
application, solar drying, and composting. 
Land Application. Sludge, which can 
be^ source of valuable soil nutrient^ can 
be applied to the land dried, as compost, 
or as a liquid. Properly treated, it is possi- 
ble to recycle' the nutrients inherent in 
sludge with minimal health risks. 

Solar Sludge Drying. The natural heat 
of the sun is routinely used to dry sludge on 
sand beds throughout the country. Studies 
continue to Explore thfe applications 6l 
active and passive solar sludge drying 
techniques. Experiments* with passive solar 
sludge drying ^at the Los AlamoB National 
Laboratory have produced a method for"^ 
estimating the performance of in<|w3r and 
outdoor passive solar sludge dryii^. Tests 
indicate that passive solar drying inside 
sunspaces is more effective in climates with 
hi(^ rainfalL . - 

Composting is an effective way to de- 
crease the pathogen density of sewage 
sludge and return the nutrients to the land. 
As of 1982, composting was classified as an 




eing done 
disposal 
existing 
y and use 



alternative sludge management system by 
EPA and became eligible for 85 percent 
Federal funding under the Construction ^ 
Grants Program. Sludge composting \^ 
now practiced from the hot and humid cli- 
mate of Puerto Rico to the severe cold of 
Bangor, Nfetne. * jf 

Three sewage sludge composting meinods 
are most common: windrow, static aerated 
pile (see Figure 2A\), and within-vessel. 
All three methods provide ''significant" 
and ''further" levels of pathogen reductio^i, 
although the periodic turnin^rfrf windrows 
Can contaminate composted material with- 
uncom'posted material. Windrow and static 
aerated pile methods were developed in 
the United States and Canada, and have 
proven to be qost-effective, environment- 
ally acceptable options. The within-vessel 
method was developed in Europe ai>d is 
used there successfully. 
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Figure 2.9 Sludge D^sposa/ Methods 
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SYSTiM WIDI MA^lAOIMiNT STRATiOlls] 

_ ^ 

Water shortages in some parts of the* 
.coTmtry, coupled with general concern 
about the continuing demand for water, 
have required a closer examination of watar 
use and tKe potential for conservatldVi. 

Studies indicate that conservation could 
reduce water consumption by as muc|i as 
40 percent. If overall water use were re- 
duced by even 10 percent, there would be 
an appreciable effect on water supply and 
wastewater treatment systems. For example, 
if a sewage system originally designed for 
12.5 MGD were redesigned for a 10 percent 
reduction in fnfluent, anhual costs would 
be reduced by about $4.3 million per year 
for the Tife of the^lAnt. When less water is 
used, the water supply system pumps and 
treats less water, uses less energy, and 
savQS money. Consequently, it also takes 
less energy to pump and treat wastewater 
(see Figure 2.12). - 

Although there are significant net energy 
savings as a result of w*ter conservation, . 
th^re can be incremental Incre^ises in J9n- 
eroy and chemical costs to treat sewage 
tha^t is more concentrated. Increased odor 
V can also be a problem in both collection 
and treatment' systems. In practice, the 
problems resulting from lower water levels 
have been successfully r^olved with modi- 
fied operation and maintenance. 



12000 



10000 



BOOO • 



t BOOO 




4000 - 



2000 " 




NOTt: 

htfft rito* (1§7f t't) tof 
1t$ MOO hew r«r 



PtftCCNT nBDUCTtON OF fNDOOn WATBR USB 
r$rt) 



Many of the problems associated with, 
reduced sewage loads occur because con- 
servation plans are implemented^ after Sew- 
age treatment plants have been designed 
and built for larger loads. If water conser- 
vation plans were established and accurate 
load estimates were developed prior to 
construction, then collection and treatment 
systems could be planned that would avoid 
the problems and maximize the benefits. 
Lower construction costs for collector sys- 
' ♦ems and treatment plants, and lower energy 
demand and reduced costs for pumping 
have been realized in all parts of the coun- 
try as a result of &uch efforts. 

D^cenfrallzed Systems 

The general perception is that nearly all 
of the United States is served by systems 
that collect sewage from abroad areas and 
transport it, by sewer coUfeption systems, to 
a central treatment plant. While these cen- 
tralized systems clearly predominate, about 
30 percent of the United States population 
uses decentralized disposal systems. Recent 
population shifts from urban to suburban 
and rural aYeas have placed an increasing 
number ot people in areas where central- 
ized systems are^ impossible, impractical, 
or unaffordable. On-site waste disposal 
systems offer several alternatives. 

Three types of on-site waste disposal sys- 
tems are most common: septic tanks, cess- 
pools, and privies. Several more advanced 
systems are now available, such as compost- 
ing toilets, incinerating toilets, recirculating 
toilets, chemical toilets, aerobic systems, 
vacuum systems, jjsnd evapotranspiration. 

Recently there has been increasing inter- 
est in using on-site disposal methods more 
systematically. Case shnHeQ indicate that 
on-sitfe disposal systems, developed on a 
community basis, bem 
establishment of their 
ment organization.^ 

Community waste 
tions, set up by municii 
or homeowners, provic 
They can have preliminary studies per- 
, formed, establish construction and operation 
standards, monitor construction, provide 
personnel to monitor operations, and pro- 
vide .maintenance and service. The greatest 
benefit is that they can provide the advan- 
tages of a well-run decentralized system, 
without requiring the individual property 
owner to become a 'sanitation engineer. 
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ent organiza- 
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Such systems can also hJRe lower capital 
costs and provide more jobs than large, 
central systems. 

As with any new undertaking, there are 
drawbacks to decentralization that must be 
considered. To form and operate a deAp- 
Irallzed waste treatment organizations- 
quires more Involvement by the individual 
than it does to hook into an existing central 
system. In addition, -site characteristics or 
state and local regulations in some areas 
may prohibit the use of certain systems. 
While these problems are not insurmount- 
able, they must be realistically evaluated. 



On-ilttt •vapotranipiration 
tystttmt normally contitt of 
a b*d of gravtti, 'land. and 
loil containing a dlitributlon 
piping lyitttm, .und#rloid by 

' an lmp«rm*abltt lln^r (■•• 
Flgur* 2.13). WaiUwat^r li 
pr«tr«at«d by gr^at* traps 
and ttlthttr a t^ptlc tank or 
an aerobic trMtm«nt tytt^m. 
Th« turfac* of outdoor Avap- 
otranspirotlon b#d$ It tlop«d 
to drain off rain wat^r and it 
planted witfi v^g^tatlon. Th« 
lin«r pr^vttnti th* watt«- 

^ wotttr from draining Into th* 
soil, and wat^r It raised to 
th« upp*r portion of th* b^d 
by capillary action in th* 
tand whttrtt it •vaporattti in> 
to q\t. Alto, vttgtttation 
trantportt wat^r from th* 
root zon* to th* Imv^i (and 
st«mi of torn* plants), wh^re 
it it trantpir«d. 

Climatic conditiont or* 
\hm mott significant con- 



ttraint to th« us« of evapo^ 
transpiration tystemt. YmV- 
round, non-dltcharging'^out- 
door systems ar« practical 
only in arid dnd s^ml-arid 
portions of th« w«st«rn and 
sOuthw«tt«rn United States. 
Indoor •vapotrarytpiration 
tytt«mt und«r transparent 
covers and in greenhouses 
have been proposed to ex- 
tend their use to other re- 
gions. Covered beds can be 
smaller because the bed 
does not have to eva^rate 
or transpire the*cidded water 
of rainfall. 

Evopotranspiratlon systems 
in attached solar greenhouses 
cah be used to process do- 
mestic greywater. In addi- 
tion, non-food plants grown 
using the wastewater nutri- 
ents have the ability to ab- 
sorb air impurifies throygh 
their leaves while absorbing 
water pollutants through 
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their' roots. Therefore, a 
fully-Integrated gr«enhouse 
and evopotranspiratlon sys- 
tem con treat ahchdispose of 
domestic wostewdter, re- 
move indoor air j^Uvtants, 



such as formaldehyde, and 
provide '/space heating fer 
the attached building. 
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CASE STUDIES: APPROPRIATE TECHNOLOGY AT WORK 



Wbre than a dozen citlesv towns, and 
individuals across the country were able to 
develop appropriate technology solutions 
to municipal sewag^Bliroblems with grants 
from the U.S. Department of Energy Appro- 
priate Technology Small Grants Program. 

The projects examined In this chapter 
were selected as examples of the range of 
technologies employed and the range of 
project sizes. These grantees^ managed 
existing systems more effectively, modified 
existing systems to reclaim the energy from 
methane and effluent Jhat had been wasted, 
and tested the effectiveness of new pro- 
cesses for sewage treatment. 

These projects*were also chosen because 
they were associated with established sew- 
age treatment plants, with capacities that 
range froff^ moderate to the largest in the 
world. This makqs the lessens learned more 



Acftymfmd Sludge ProCMf : 

A biological wattttwat^r 
tr«atm«nt proc^tt Ih which a 
mfxtur* of wattttwotttr bnd 
activated sludge is agitated 
and aerated. Th* activated 
sludge if subf^quttntly fttpa> 
rat^d from th* tr«at«d wqsttt> 
^watttr by sttdimttntation and 
disposed of or returned to 
the process as needed. 
Aerotlon Mein: 
A basin where oxygen is 
supplied by mechanical agi- 
tation or pneumatic means 
to enhance the breakdown 
of wastes held in suspension. 
Mr S€r##n; 

A screen made i>f porallel 
bars from about three- 
quarters of an inch to two 
inches apart, used to filter 
out large objects. 

C«K«id« A«r«itton: 

Aeration of the effluent 
streom through the action of 
falling water, 
cfm: 

Cubic feet per minute. . 
C\mrmmri 

A tank used to remove set* 
tieoble solids by gravity, or 
colloidal solids by coagula- 
tion/ sometimes following 
chemi<!bl flacculotlon: will 
also remove flooting oil and 
scum through skimming. 



COD: 

Chemical oxygen dembnd. A 
measure of the oxygen equiv- 
alent dtf that poi^lon of or- 
ganic matter that is suscepti- 
ble to oxidation by a strong 
chemical oxidizing agent. 

Conform ■octoria; 
A bacteria whose presence 
in wastewater^is an indicator 
of pollution and of potentially 
dangerous contamination. 

DC: 

Direct current. 
Dooorotlon: 

Removal of gases from a 
liquid. 

Flow Roto: 

The amount of water that 
moves through an area (usu- 
ally pipe) over a set period 
of time. 

Fronclt Tyrblno: 

A water-powered turbine 
used fo transform water fall> 
Ing vertically to mechonlcal 
(rotating) energy. 

0ol/rf: 

gollons per day. 
Mo^^: 

The vertlcol distonce water 
drops from the highest level 
to the level of t^e receiving 
body of water. 

Hoo^: 

A pipo from which two or 
mpre tributary pipef run. 
hp: 

Horsepower. 

Hifdiroullc ioodt 

Amount .of liquid going* into 
the system i 



useful to managers of other similar treatment 
^systems. finally, thes^ projects were ae- 
lected because they have had enough time 
to prove themselves. The case studies in thfs 
chapter have- been prepared frc^m project 
final reports (av/ilable from the National 
Center for Appropriate T^ghnology); and 
follow-up contacts with th^ grantees. 

Experimental science rarely yields over- 
night successes. All of the case studies 
reviewed here have achieved substantial 
results, but there are other projects spon- 
sored by th^^Appropriate Technology Small 
Grants Prdtfralii that also contributedito the 
knowledge of - sewage treatment through 
their work (see Appendix A). While most of 
the projects deal directly with municipal 
sewage treatment, some deal with other 
technologies, such as on-site treatment sys~ 
tems, that can affect municipal systems. 



Ifnhoff Trootmont Syttom: 

A tank without aeration or 
oxygenation where solids 
settle out of the wastewater 
and may be digested in a 
separate compartment in 
the bottom. ^ 
Induction Oonorotor: 
A variable ^speed multi-pole 
electric generator which is 
simple, rugged, reliable, and 
relatively inexpensive. 

Inflow: 

Water (and pollutants) that 
enter sewage systems 

through street inlets, roof 
drains, and similar sources. 
kWx 

Kilowatt. 
kWh; 

Kllowatt-hour. 
Moeophlllc! 

An optimum temperature of 
25-40**C, for bacterial growth 
in an enctpsed digester. 
MOD: 

Million gallons pec day. 



l/t: 



Milligrams per liter, 
mecf: 

Thousand standard cubic feet. 
Micf: 

Million standard cu^lc feet. 
NTU: 

Nephilometric turbidity unit. 
A measurement 4init of the. 
clarity of water, dependent 
on the amount of suspended 
matter. 



Polychlorinated blphenyls. a 
group of organic compounds. 
PCB's are hig)>ly toxic to 
aquatic life; they persist in 
the environment for long pe- 
riods of time, and they are 
biologically accumulative. 
pH! 

A mjiosure of the acidity or 
alkalinity of a substance (7.0 
is neutral). 

Poflt'Aerotlon: 

The introduction of oxygen 
Into wastewater after sec- 
"ondary or advanced treat- 
ment to further reduce BOD 
and CPD. 
Pilot i^lo: 

The size of a system between 

the small , laboratory model 
size and a full size system. 

pifO! 

Pounds per square inch gage 
pressure. 

Thonti: ^ 

A unit of heat equal to 
100,000 British thermal units. 
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ENERGY AUDIT AND CONSERVATION PLAN 



Woltmrboro, South Carolina V/asfewater Treatment Plant 

The audit found thdt organic levels at the 
^ plant were lower than expected nnd the 

water volume was higher than expected. 
Organic loading was lower because pre- 
treatment (of slaughterhouse 'wastes) had 
decreased the volume of organics, ^nd 
inflow anc^ infiltration into the collection 
System were diluting the orcfanic load and 
Increasing the hydraulic load. Plant flow 
rates averaged between 1.25 MGD and 
2.5 MGD, but during rainy periods dally 
flows peaked as high ap 6.0 MGD. The 
average flow of sewage into \he system was 
only .65 MGD; the rest was water from 
inflow and infiltration. Consequently, sew- 
age at the plaint was fairly weak, averaging 
110 mg/1 BOD9 and HO mg/1 for SS. A 
sewer rehabilitation program is expected 
to reduce inflow during rainy periods, but 
the average flow rate is exp>ected to con- 
tinue in the 1.25 MGD to 2.0 MGD range. 

Scr««ning and Grit R^movaL The study 
det6rmined thai operating the bar screen 
' on a timer for 12 to 14 hours per day, rather 
" than around-the-clock, could result in a 
40 percent energy savings for this part of 
the, process. 'This chang6 would have a., 
high return on Investment, but the overall 
impact would be fairly _ minor, because 
screening and grit removal accounted for 
only Q.6 percent of totol. electrical demand 
for the plant. It is also possible that timed ' 
operation could increase grit compaction 
in the housing for the bar screen lower 
bearings! Therefore, this measure was 
/ given a( low priority. 

I Influent Pumping. The influent pump- 
ing-fltation at the plant has two 100-hp main 
pumps and a,15-hp back-up pump. By 
design, only one main pump could operate 
at a time, and it usually operated at only 15 
to 40 ipercent capacity. (The pump occa- 
sionally operated at full capacity during 
i:)erlods of extraordinary Inflow.) So much 
excess capacity made the Influent pumps 
the most inefficient plant operation, T^ie 
study found that three modifications in the 
pumps would be/ effective: 1) to install a 
new, 30-hp pump that would be turned on 
manually to handle normal fldws; 2) rebuild 
and reduce the capacity of one main pump 
to 50 hp for norxrial flows and some peak 
flows, and 3) reduce the capacity of the 
other mainjpump to ,75 hp for peak flows. It 
was estimated that implementation of these 
modiflcatiohB would reduce consumption for 
influent pumping by 43,000 kWh per year. 

Aeration Batln. The volume of the aer- 
ation basin i*|fl.85 million gallons. It was^ 



As part of ltd overall effort to control 
municipal costr, the City of Walterboro 
used a $6,500 grant to evaluate the opera- 
tion of the Wastewater Treatment Plant and 
to identify ways to reduce electrical con- 
sumption. The^study^had two primary goals: 
compare ^how the plant was designed with 
hpw.lt^ was actually operating, and then 
find out what could be done to cut electric- 
ity use and costs. All treatment units at the* 
plant were considered: 

Bar Screen 

Grit Removal 

Influent Pumping 

Aeration Basin 

Clarifier and Sludge Recirculation 

Post-Aerahon 
It should be noted that prior to this study, 
energy use at the plant had been reduced 
by a sizeable 30 percent through the modi- 
fication of existing operating procedures. 
Lighting and heating loads were not con- 
sidered in this energy study; because they 
were known to be relatively small and well 
managed. ' ^ 



CMortnt Contact 
I Aaratlon Batln 



Clfcylatlon Pump 
A Chforlna 
BuUdlng 




Final Clarltlar " 



1 ^-if^'^'^^ 

f-^Pump tuUding J. Una — l 





Sludga 
Dffing 
Bada 



'"^ - - Sawaga 
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Figure 3.1 Watterboro VVintewatGr Trf^.itmont PMnf 



Technological ProcoMOt ond Oporof Ion 

In 1972, the Walterboro treatment plant 
was upgraded. However, because of low 
energy costs at that time, energy efficiency 
was not a design consideration, and the 
upgrade Included oversized units that en- 
ergy auditors found to be unnecessary for 
effective and efficient plant operation. 
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Walferhoro, South Carolina Wastewater Treatment Plant 



found to be organically underloaded, and 
either of. the two 100-hp, low- apoec^ aerator 9 
could maintain satisfactory oxygen levels 
and solids suspension. If the normal organic 
loading rate weg;:e doubled, It vyis oetlmated 
that 120 hp wpuld be required to maint^iin 
required oxygen levels. The study indicated 
that the most effective way to do fhis would . 
be to replace one of the 100-hp aerators 
with up to th^ee*20-hp, floating iterators. 
This step would result in a 40 kVA demand 
reduction. Even with no changes in the 
aerator configuration, as much as 36,000, 
kWh jDor year could be saved by purchasing , 
a dissolved oxygen meter, monitoring oxy-. 
gen levels in the basin, ^nd operating the 
aerators to meet specific oxygen demand. 
Some savings have already resulted from 
changing the schedules for operating the 
fixed aerators. 

ClarifUr. Before the_ study, a trickling 
filter was converted to a 7-foot deep clarl- 
fier, about half the depth of normal clari- 
fiers. This clarifiar unit and the sludge 
recirculation pumps use more energy ^an 
deeper clarlflers, and accounted for about 
15 percent of the plant power requirements. 
Both the clarlfier sweep and the recircula- 
tion pumps ran most of the time. It was 
determined that these could be run les6 if 
solids from the aeration basin were reduce^ 
and the recirculation rate for the pumps 
lowered. Also, pump performance 



^ould be Increased by changing ^ump pul 
leys; one pump should handle low-flow 
operations. Modification of the Inlet struc- 
ture to reduce flow restriction has reduced 
the energy needed for pumping, 

Pott-il#rotion^' C|ilorinatlon is followed 
by mechanical pt)8t*^ aeration In a converted 
clarifier tankv Effluent from' the tank is dia 
charged to a canal with a drop of 20 fdet, 
which was estimated to b^ sufficient to pro- 
vide post-aeration to rpeet permit standards. 
Replacing the mechanical aerator with this 
cascade aeration would totally eliminate^ 
the power demand for post-aeration. 



Energy and Iconomlct 



were 



At the time of the audit, energy con- 
sumption at the Walterboro Plant averaged 
71,300 kWh per month. If all of the effi- 
ciency changes proposed by the energy 
audit were m^jde, electric consumption^ 
^woqld be reduced an average of 11,468 
kWh per month, a reduction of 16 percent. 
The potential for energy savings for indi- 
vidual components range from 7.5 percent 
(operating the aeration basin based on 
measured oxygen levels) to 100 percertt, if^*^ 
cascade aeration replaced'the post-aeration . 
tank (see Table 3,1). These changes would 
also offer a range of cost savings and pa^ 
back periods. 



PropoMd Alt^rotlon 
Mr Scr«#n 

Op«rattt Bar Scr*«n on Tim^r 

InffluMt Fumpinf J 

Modify Influent Pump A Add 
Pump 

A«r«tlon ■•tin 

Option 1 

Rtplac* On* Fix^d Aerator 

withJhrM Floating A^ratort 
or Option 2 

Monitor Oxygen Lttvttit in 
Aeration Botin 

€l«rlfl«r 

R*ductt Splidt to ClarlfUr 
and -Run Onm Pump 

Option 1 

Op«rottt Pott'A«ratof on 
Tim^r 

or Option 2 

R«ploctt with Cafcod« 

Attrotion 



(P«rc«nt) ' 



40.0% 

22.0% 



12.5% 

I 

7.5% 
12.0% 

62.0% 
100.0%' 



Cost tovlngt 
($/Y«ar) 



$ 37 
$2,200 

$3,840 
$1,836 

$ 744 

.$ «612 
$ 984 



Poyback 
(YMrt) 



1.4 



11.4 



5.9 



4.9 



15.2 
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WolfurborCf South Carolina Wastewater Treatment Plant 
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Hlohllghtt^ntf Current Stotut' 



Operators at the Wallerboro WastewAter 
Treatment Plant' have learned how Ip^lake 
control of energy consumption. They now 
understand the plant in terms of, energy 
performance and th6 relationship between ^ 
how things were designed and how they 
actually work. Changes in operating pro- 
cedures (mostly by using' timers) put into 
effect before and as a result of the audit 
have alre<idy achieved significant sayings. 
As jthe city budget, will allow, Walterboro 
operators can Implement further cost saving . 
steps that require larger capital Investments. 

This case illustrates what fo expect from 
energy conservati6n programs at sewage 
treatment facilities. The savings overall are 
if\ the 15 percent range. That may not seem 
like much, but sewage treatment is a fixed 
cost (or all communities In tlje United States. 
Residents pay year after year, and rising 
energy costs are increasing the burden on 
municipal budgets. Shaving 15 percent 
from the cost o{ a perennial community ser- 
vice Is an Irripprtant contribution, elapecially 
on top of the 30 percent savings Walterboro 
had achieved befqre the study. 



WHO TO CONTACT: 



Mr. Tom Hydrick, Direc tor of Public Works 

City o( Walterboro 

RO. Box 717 . ' 

Walterboro, S. C. 29488 

Telephone (803) 549-2545 

Final Beport: NCAT ID ifSC^8}-006 

DOE Contract No.: DE-FG44-81R410422 
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S*v«ral r«c«nt pviblicotiont 
ar« avallabU that provld* 
dtttall«d suggestions and 



m«thod» for conserving ©n- 
•rgy at wastewater treat- 
ment plants/ 
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cloe of Muiyclpol WoetO' 
wofor Trecif m e n t Fodlltloe, 
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October 1982. > 

ZIgvel, R.L.. et al.. "New 
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^ .Works. Vol. 1)3. No. ^. June 
1982. 

'* Martel.C.J.. etal.. Ivoluat- 
Ing^tho Hoot Pump Altor* 
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mont PocMltlof In CoM 
Rogtons. CRREl-SR-82 10. 
NTIS. Springfield. VA. May 
1982. 

Inorgy ^ otHifo m ont Dkig^ 

nottlcs. EPA 430/9-82 002. 
NTIS. Springfield. VA. Feb- 

ruary 1982. 

Water Pollution Control Fed- 
^yeratlon. Iitortfy Contorvo- 
tlon In tho Doclgn^ondl Op- 
orotlon of Wostowotor 
Trootmont Pocllltlot . Man- 
ual of Practice M.O.P. FD-2. 
WPCF. Washington. DC. Feb- 
ruary 1^82. 



Dean. R.B.. and Lund. E.. 
Wotor Roum: Fcoblomt 

ami Solutions. Academic 
Press. London. €ngland, 1981. 

Inorgy Contorvotlon In 
Munltlp^l Water anil 
WottoiVotor Trootmont 
fyttomt, Arlzono Energy 
Office, Phoenix. A2. Decem- 
ber 1981. 

J 

Frocoodlngs of tho U.S. 
Doportmont of tnorgy t In- 
orgy OptlnilutlcMi off Wo- 
tor and Wostowotor Man- 
ogomont for Municipal ami 
InSluitrlol Applications 
Confforonco. Volumes 1 and 
2. Argonne Notlohoi Lob., 
Argonne, IL. December 1979. 

flyman, A.M.. "Reducing En- 
ergy Charges at a Treatment 
Plant." Public Works. Vol- 
ume J 10. .No. 1. January 
1979. 

Plold Monuol for Porfor- 
monco Ivoluotlon - ahsl 
Troublo-Shootln0 ot Mu* 
nlclpol Wostowotor Troot- 
mont Pacllltlos. ^PA 430/ 
9-78001 . EPA. Columbu*. 
OH. January 1978. 
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DIGESTER GAS RECOVERY AND USE 



Metropolitan Sanitary District of Chlcagx>^ Illinois 



The West- Southwest Sewage Treatment 
WorkS; juet west of Chicago, Is the world's' 
largest. In an average day, it treats about 
800 million gallons of sew^e. Sludge treat- 
ment generates approximately 2.7 Mscf of 
gas per day. Before this project was -initi- 
ated in March 1980, 1.7 Mscf of, gas w*8 
burned to maintain mesophilic operating 
temperatures in the digesters — 1.0 Mscf 
was flared off as waste gas. Sanitary District 
personnel^designed and implemented a 
system to make better use of the gas pro- 
duced by sludge' digestion with a $50,000 
grant from'the Departmentfof Energy and a 
$780,000 investment of its Wn. 

. ^ 



Modtttto, Qplifornla hat 
bm9n rurlhlng tttv^n city v«- 
hicUt on m«thQn« from Its 
watt«wat#r tr*atm«ht plant 
tinctt 1978. Tti* pilot project 
hot bm9n so tucc*stful that 
city managers tiov* planned 
0 full-fcoU operation for 
1983 tfiQt wilt %mrvm about 
200 v«hlcUs. 

On* kmy to tfitt Modtttt^ 
succtttf fiof bmmn tti* clean- 
ing procMt tfiot yields got 
that Is 98 percent metfione. 
City vf hiclet were converted 
to ute eltfifr gasoline or 



— ~n y 

.'•>< / 
methane at a cost of fl|bout 

$Y, 200 per v^ilcle. 

Methane from the pilot 
project wot estimated to 
cott about 35 cents for the 
equivalent of a gollon of 
gasoline. The vehicles hove 
performed well using the 
methqne, which burns clean- 
on gosollne and seems 
to cause less enginf vyeor. 
Only^^|# police hod any com- 
plaints; they felt methane 
didn't "fuel their cars with 
quite OS much "punch" as , 
gasoline. 



srwAcr GAS powb^s cars & trucks 



T^chnologtcol ProcMMt ond Operation | 

The West-Soutiiwest Works uses the acti- 
•vated sludge-i9|rocesi^ and incorporates two 
separate sludge digestion systems: an Imhoff 
treatment system ^nd a heated anaerobic 
digestion system. Only the heated ayiaero- 
- bic digestion system is included in the gas 
gathprihg process. There are currently 12 
high-rate digestion units^ each with a 2.5 
million gallon capxjcity, operating at the 
plant. (Six additional digesters are pro- 
posed, each with a 3.0 million gallon capac- 
ity (see Figure 3.2).] 

After an #;(]igineering study was com- 
pleted, a gas-collector-and-boiler system 
was constructed. In the new system, gas is 
collected from the digesters, compressed, 
cooled^d dried, and then piped about 
1 ^800 fMt t& the .storage accumulator and 
the bpl4er8 (see Ff^ure 3.3). The range of 
.gfiijlovf from the digester tinks is from 
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Fiqu'v 3 ? Southwest Scwaqo Tretitmoni Works 
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t iQure 3 3 Wrsf Southwo<,l Se)A/ciQe Treatmvnt Wo?ks 



OO^t 



250 cfm to 700 ^m, on a daily basis. To 
handle this range and the fixture Expansion, 
compressQrs with a range of 2304oi ,400 cfm^i 
were selected. The gas is not cletrfied; it is 
fed to the boilers just as it is generated from 
the digesters. However, the gas compressor 
aftercoolers do remove a considerables- 
quantity of moisture\from the digester gas. 

To maintain relatively constant gas flows 4 
and optimum dige8ter\op0ration, gas pres- 
sure transmitters are ifistalled in the gas 
headers. These transnlUters send a 'signal 
to change the speed of the DC, variably 
speed motors at the compressors. 

Alter compression, the das is cooled and 
moisture separated off. Gds is carried to the 
boil^s by a 12-inch pipe, suitably coated 
and protected to transportVdigester gas. 
The pipe was oversized to accommodate an 
anticipated 50 percent increaa^ in digester 
capacity. I . - 

Initial studies of how to use tre^lixcQss'' 



digester gas considered gas turoAe gener 
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Mefropolifon Sonifory District of Chicago, Illinois 



ators, internal combustion engines, and 
water tube boilers. Boilers were selected 
for three reasons: 

1) comparatively low capital cost and 
quick return on *lh vestment, 

2) consistent plant demand hnd uses for 
low-pressure steam, 

3) and low-pressure boilers would come 
on-line when existing high-pressure 
steam generators were being retired. 

The new boilers are located in a building 
that had housed a sludge processing sys- 
tem. The boilers were sized to meet both 
the projected gas production levels and the 
plant steam requirement?. Two boilers were 
purchased rather than one so that a back-up 
boiler would be available If needed. The 
extra boiler will be used when more gas is 
prcxlyced in the future. 

The system is fully monitored and con- 
trolled to assure the safety of the operation . 
Faults in system operation cause the com- 
pressors to shut down automatically. 



f n^rgy and f conomlcs 



A significant amount of the natural gas 
requirements lor deaerating boiler feed 
water, and plant heating and cooling are 
now met by using digester gas. As a result, 
the use of digester gas at the plant displaces 
enough natural gas to heat approximately 
3,300 private' homes, each burning 1,100 
therms of gas every y#ar. 

When the first four digesters at the* West- 
Southwest Works went into service in 1964, 
only enough gas was recovered to heat the 
^ digesters; the rest was flared off by waste 
^ gas burners. By 1978, when the gas recov- 
ery project was projxjsed, plant operations 
and the cost of energy had changed con- 
siderably. Flared gas at the West- Southwest 
Works" represented 6,500 therms of energy 
lost every day. Iji 1978, the price of rfatural 
gatf was '^0.24 per therm, and the vjjlue of. 
the gas *the^ project proposed to save was 
31,560 per day, or nearly $568,000 per 
year. By, 1982, the cost of natural gas pur- 
chased by the Works had rispn by^'SO.lO 
per therm, and the* value of the digester 
gas had increased accordingly. Also, the 
volume of digester gas available lot use In 
tfte boilers has Increased to 10,000 therms 
per day because of an improved pperating^ 
mode developed for the 12 digesters. 

The total cost of tl^gproject was $830,000 
with a payback on Investment of less* than 
two years. Operation and maintenance 



costs for the system are estimated to be 
$150,000 per year. Maintenahce has been 
routine, and the bulk of the cost has been 
in wages for the tioller operator?. 

The West-Southwest Treatment Works 
project incorporated several elements 
which contributed to its cost- effectiveness. 

1) Analysis, 'design, and construction of 
the project was carried out by Sanitary 
District employees. 

2) The project was pfeised Into long-range 
planning. Design «>nd equipment deci- 
sions were made to allow for increased 
gas production and steam demand, 
and boilers were selected to replace 
others designated for retirement. 

3) Equipment was selected that satisfied 
specific needs and was cost-effective. 
The boilers cost at least $1.5 million 
less than gas turbines. 



Highllghtt and Currant Stotut 



Operation of the gas gathering and st^am 
productySn system at the West-Southwest 
Works has been so suocessful that the Sani- 
tary District has implemented a similar 
project at the District's JoljD Egah Plant. 
Other municijD^l systems that anaerobic 
sludge digestion apd produce excess diges- 
ter gas could benefit from the implementa; 
tion of a gas recovery and-use systern. Ii the 
4Ki conditions exist, plant managers can 
meaff^^e the amount of gas produced, deter-^ 
mine its energy and economic values, and 
conduct a feasibility study to determine 
which options will yieldfthe greatest benefits. 
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Metropolitan Sonitory District of Ch/cago, Illinois 



Th« amount of •n«rgy In th* form of m^thon* Qot ovollobk 
from r«sid«ntk]l 9«wag« con b« •$ timot^d by using the following 
formula, if th« number ^f people served Is known. 

«fKiopU 650Vtu's 

- \ - — X = „ Itu^t pmt day 

Ix^mfile! 1) If the' nmwQgm trMtment pl«nt servet( 



100,000 p#ople pmr dciy, then: 



100,000 people 650 Itu't 



= 65,000,000 Itu's p«r day 



day p#rton 

One pound of volatile folldt yields about 12 ft^ of methane. So 
if the amount of volatile tolldt It known (typically percent of 
total folidf) methane production can be estimated. "Typical 
wottewot^ hot 230 mg/l of folidt or 1,921 poun^y/mllllon 
gollont. Seventy>flve percent of 1,921 U 1,440 pounds of volatile 
tolldt per million gollont. (An analytit of tewoge at the plant 
will give a more reolittic number for the averagt poundt of 
volatile tolldt per million gollont.) 

Ute the following formulat to ettlhtate the ^nei^ volu 
the methane production potential: / 

(poundt of volatile lolids per day) V 12 ftVlb 
ft^ mel,hane per day 
Ixomple: 2) 

{1,440 lb of volatile tolMt per day) K 12 f^/lb = 
17,300 ft* por d^y > 

^ There are about 650 €fh't/U^ of digetter gat> so 
(650 Btu per ft' X 17.280 ft' perdpy) 1 1 ,232,000'etu's per day 
Cope n era tfii^s on additiojftaroptlon. The conversion of iVteth 
one to electricity is usually /only 30 percent efficient, so if' the 
digetter gas is burnecr\in >an/fnternal combustion engine, the 
electricit/ovaiiobie ^n be cokuioted Yollows: 
Ixomple: 3) 1 1.232,<^ j^^e |»er <o y ^ > / 
a,414kWh por Stu 

i 907 fcWh IMF dov 
Heo^rom the engine /dn usudlty^be reciafmed at 39 to 65 per 
cent elAciency. and thit heot con^l^e uted to heat digetters or 
supply other demondt for h^^y^ 
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PRODUCING iLECTftlCITY FROM EFFLUENT OUTFALL 



North Andover, Massachusetts Treatment Plant 



Until about 1870; water was the principal 
source of power for American Industry. A 
large number cjt the early water ''mills'^ 
wQre located In the Merrimack River Val- 
ley, the center of the early textile industry 
in the United States. A feasibility study, 
funded with a $9/324 'grant, Indicated that 
the Greiter Lawrence Sanitary District in 
the Merrimack Valley can continue this tra- 
dition using a water turbine-generator to 
reclaim energy from the effluent water 
which is discharged from the plant to the 
river about 40 feet below. 



In th« 1840't, Jam^t B. 
Francft. working In th* Mer- 
rimack Riv«r Volley, Inv^ntvd 
th« highly •fflcl^nt Froncit 
Hydro Turbin*. Modern v^r- 
* tlont of this turbine or* 
duc^d to •xacting fpAclflcQ' 
tiont and usually r«quir« 
from 6 months to^2 V«art to 
produce aod dsllv^r. % 

Another hydroi^Uctric op- 
tion It availabU tor \m%t 
mon^y that works with low^r 



h^adf (vertical dlttonc* th« 
wat«r falls) and flow rat«ft. 
Matf-produc#d punrtp/g«n- 
•rotor f«tf uf« thtt punffp 
operating In r«vttrstt at o 
turbine coupl«d with a g«n- 
•rotor or altttrnotor to pro- 
due* •Uctrlcity. Th«y or* 
g«n«rally only 65 to 85 p«r- 
Cttnt •fficl«nt, but th«y cost 
\m%t Initially, ar* mor« read- 
ily availabU, and can b« d*- 
liv«r«d r%lativ«ly quickly. 



TMhnologlcol PrO€«uM and Op^rotlon 



^ As designed, an average 28 MGD of efflu- 
ent water from the plant will flow down into a 
vorte;jc chamber where a gated Froncis tur- 
bine is rtlouptqd vertically. A shaft connects 
the turbine (via gears) td a horizontally- 
mounted, 200-fcW induction generator. The 
3-phase power will be fed into the plant's 
jipwer grid at the plant water pump stati6n, 
• \After driving the turbine, the water will 
flow through a 72-inch outfall pipe and will 
be diff\!ised through multiple openings into 
the river. An emergency overflow chamber 
can divect any excess water to a 60-inch 
storm drain and then into the river (see Fig- 
ure 3.4). 



Energy ond Economics 



The. Greater Lawrence Sanitary District 
pays $0,068 per kWh for electricity. In the 
first year of operation the hydroelectric sys- 
tem is expected to generate 1 million 
,By 1995, It is estimated that 2 million kWh 
per year will be generated. With constant 
growth in the plant loading rate, a total of 
about 19 million kWh of electricity will be 
produced by 1996. 



Em0rg0ncy 
Overflow 



200 KW 
Q0n0r9tor - 




CHAPTMRflfJglf 



\ 



North Andover, Massachusetts Treatment Plant 



It is estimated that the hydroelectric sys- 
tem will have an 8- year payhwick, assuming a 
7 percent' interest- rate for borrowed money. 
Naorly $230, pOO for project construction 
came from the M^^ssachusetts Energy Office. 
Another $285,000 came from the Greater 
Lawrence Sanitary District. 

HydroeliStric systems mor^than 80 years/ 
olci are still producing power today, and 
the North Andover sjrstem could easily 
operate for 40 years. No operational data is 
available yet; but water. power system^ tra- 
ditionally have low operation and mainte- 
nance costs. It Is assumed that maintenance 
and operation will, cost about $5,000 per 
year. The system will not require a full-time 
operator. 



Highlights omi Current Status 



The Greater Lawrence Sanitary District 
hqe invested in an environmentally sound 
energy recovery system. The system is 
scheduled to become operational in April 
1983. Instead of wasting energy and spend- 
ing money, the hydroelectric system will 
use an existing situation to produce energy 
and save money. 



WHO TO CONTACT 



Mr. Eric Teittiflien 

Greater Lawrerice Sanitary District 

North Andover, MA 01845 

Telephone (617) 685^1612 

Final Report: NCAT ID # MAW-OIS 

DOE Contract No. : DE'FG41-80R110409 
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^any plants, aft«r th* 
watt«wQtsr it tr«at«d it It 
dltcharg*d Into a ttr«am, 
rWmv, lak«, or th« oc«an. If 
th« dltchorg* wat«r falls 8 
f««t or mor«. it may contain 
•nough ^n^rgy for practical 
hydro«l«ctrlc production. 

Many diff«r*nt turbine- 
g«n«ratort qx% ovallabU, 
and amount of #l«cfricity 
they can g«n'«r9t« d«p«nds 
on thr«« primary factors: 
1) the flow rat« in million 

gallont per doy, 
3) th« vertical dittanc* 
th« water fallt (head) 
in feet, 
3) and the Efficiency o| 
the turbine-generator. 
' Ditcharge flow rotef are 
meotured routinely at mott 
wastewater treotment plants. 
The dittance the water fallt 
it alto eotily jd^termine^. 
The efficlenciet of turbine- 
generators, which range 
from 75 to 93 percent, pnd 
tpecific efficiency informa- 



tion con be obtained from 
manufactur^rt or found In 
hydroelectric literature. 
N/griations in flow must also 
be t^ken Ihto account when 
estimating turbine efficien- 
cies., if vofiations are ex- 
trerv^e, o flow equalization 
strategy may be required. 

To estimate the amount of 
electrical energy per^ day 
that can be reclaimed from 
sewoge effluent outfall, i;se 
the following formula: 

(3.1424) X (MOD) X 

(Pall In fmmi) X ^ 

Ifflclency =: kWh per 
4«y 

iXAMKI: $.1434 X 30 

MOD X* 40 ft X 

.• = 3.017 kWh/doy 

Plants that seem to have 
the potential for producing 
energy with hydroelectric 
generation should also In- 
vestigate the option of sav- 
ing energy with cascade 
aeration. 



Chappell, J.R., et ol., 
Pumpi- At-Turblmi Ixpe' 
Hence Profile, tDO-10109, 
NTIS, Sprir)$field, VA, Sep- 
tember^ 982. 

Hydropower Iqulpment 
M«nufocturer« mnd ♦Herd- 
wore Suppllore. NCAT, 
Butte, MT, January 1983. 


imoll Hydropowor Ingl- 
nooring Dovolopmonte, ^ 

B208-6/81-m, Department 
of Energy:^ Idaho Falls, ID, 
1981. 
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AN ANAEROBIC PRIMARY TREATMENT SYSTEM 



Solar Aquatysfms, Inc./ at fhe Son Ellfo Wofer Pollution Control facility , 
CardHf bY'th0 S«o, California 

covers ior digester gas collection, he^^it 
retention, and odor control. Sedimentation 
and sludge digestion occurred In the first 
cell* whlph used upflow percolation (see 
Figure 3.5). At this stage, bacteria at^ 
tachejd tl^emselves to sludge particles and 
broke down organic compounds into 
smaller molecules. These bacteria are rela> 
tlvely replstant to toxins and environmeMal 
fluctuations, and they respond relatively 
quickly to variable loading ratefe. 

After 6 hours of water treatment in the 
first cell, the effluent entered the" second 
cell. Methane-prodoclng bacteria in the 
second cell Attached themselves to an array' 
of hanging plastic sheets and webbing with 
a very/hlgh surface area. These provided a 
etabte attachment area, accelerated the 
rejnoval of suspended solids, and per- 
mitted coagulated solids to drop to the bot- 
tom where they were further reduced and 
stabilized. The bacteria produceci methane 
gas and carbon dioxide while reducing 
BOD9 levels and some SS. The water treat- 
ment time in Cell Two was 8 hours. 

Methane-producing bacteria are vulner- 
able to drastic influent changes. Ih the 
AquaCell process, the first cell'acted as a 
buffer for the second, reducing toxins and 
moderating the wastewater temperature. 

One of the primary disadvantages of 
conventional, high-rate, anaerobic systems 
is that temperatures must be kept high 
(35^C) for effective digestion. The' Aqua- 



Wlth an $8,000 grant. Solar Aqu^sys- 
tems, Inc. designed and built^a prototype 
Anaerobic AqOaCell system. The systejm 
was tested h^om November 1978 to August 
1979. While In. operation, it demonstrated 
a two-cell primary treatment system for 
domestic wastewater that combined an 
upflow solids digestion process with a 
fixed-film anaerobic process. 

TMhnologlcol ^o<«ts#t ond Operation I 



ype ell 



A prototype flj^stem, designed to 
approximate the^irface-to- volume patios 
of a full-scale ofstern, was 'constructed at 
the San Ell)^ Water^Pollution Control 
Facility, which serves Cardiff-by-the-Sea 
and Solana Beach,/ CaWornla, The pilot 
plant was housed^ln a greenhouse structure 
that provided passive solar heating^ After 
an initial lo^iding with sludge from the 
county's anaerobic digester, raw sewage 
that had been ground and screened was 
treated by the 3,000 gal/d pilot plant. 

Treatment took place in two cells. Both 
cells had floating black synthetic rubber 
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Floating 
Cover 



Cell 0n9 




Raw Sawaga 
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Solar Aquasyitems, Int., at the Son £///o Wafer Poliution Control Facility 
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Cell operated from IS'^C to 3rC with no 
apparent effect on removal efficiency 
related to ter^perature. 

Project operators estimated that the 
solids content of sludge was redufced by ap- 
proximately 85 percent during a G-month 
period. Eighty-five percent is o signifi- 
cantly bigher solids reduction rate than for 
conventional systems (see Table 3.2). The 
sludge produced during those 6 months 
was removed and dried on sand beds In 
only one week. 

Over a 10-month test period, the Anaero- 
bic AquaCell removed an average of 50 
percent of BODg, and 88 percent of SS, 
with a 6-hour retention time in the first cell 
and 8 hours in the second cell. Coliform 
w<is reduced on an average of 96 perc<^nt 
(see Table 3.3). 



Inargy ond Economit* ^ 

^ The primary treatment process itsg^jf re- 
quires no energy. Energy is necesMiYxjfor 
screening and grit removal and Intermittent 
sludge pumping. However, because sludge 
continues to brec^k down while tt is retained 
in the cells, thelre is less sludgy remaining 
to be pumped out. Because only intermit- 
tent pumping Is necessary, less energy 
used. In addition, tlie AquaCell system is 
an alternative to pMmary clarifiers and 
conventional anaerobic digesters, both of 
which require significant amounts of 
energy to operate. ^ 

Because there were problems with the 
seals on the floating covers of Cells One 
and Two, methane was not collected and 
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TYPI OP P1IOCISS 



TttATMINT LIVIL 



Prlmory S«€ondory 



flPARATf 
PIIOCISS 
RIQUItlD 
fOn SLUOOl 
DIOISTIONT 



PRtouiNCY or 

SOLIDS HIMOVAL 



DRY SOLIDS nR DAY 
® PLOW IIATI OP 
37i5 mVPAY (1 MOD), 

OR 10*000 nom 



SAS Anoerobic AquaCell 


Yes 


Yes* 


Ho 


Once/6-12 Months 


J 170 kg (375 lb.) 


Septic Tank 


Yet 


No 


No 


Once/ 1-2 Years 


367.4 kg (810 lb.) 


Imhoff Tank 


Yet 


No 


No • 


^ Once/20-60 Days 


313 kg (690 lb.) 


Primary Sedimenfotlon 


Yet 


No 


Yes 


Daily 


340.2 kg (750 lb.) 


Primary Sedimentation & Trickling Filter 


Yet 


Yes 


Yes 


Dolly 


558 kg (1230 lb.) 


With Secondary Sedimentation 












Primary Sedimentation S Activated 


Yet 


Yet 


Yes 


Daily 


635 kg (1400 lb.) 


Sludge 












Activoted^Sludge (Package Plant) - 


Yet 


Yes 


No 


Daily 


1020.6 kg (2250 lb.) 



*With longer retention times. ^ 

SOURCE: Alkten, C. and Stewort. W., Pmi^ommncm OMireict^rlttlcs of • Cov«r««l Anaerobic Wcitt#wcit«r Laooon ^limiry 



TrWitiMfit SyM^m, NCAT ID # CA-78 032. Butt«, MT. 1981 




R«w 



AiHi#r0blc 





Inflimnt 


•fflUMt* 


oM^rolilc 

•l|INiC«il 


BOD5 


218.4 


109.0 


50.0% 


SS (mg/l) 


247,9 


27.9 


88.7% 


COD (mg/l) 


518.0 


142.0 


72.6% 


Turbidity (NTU) 


205.0 


103.4 


49.6% 


TOC (mg/l) 


271.6 


67.5, 


75.1% 


pH 


7.4 


6.9 




(overage meont) 








Ammonia (mg/l) 


40.9 


34.0 


16.9% 


Coliform 


5 X 10' 


^ 2 X 10* 


96-0% 



^ _ 

*6 hr r«tmtfon time Celt 1; a hr r«t#ntlon tim# C«ll 2 



Jot 



production records were riot^ obtained. 
However; gas containment should not be a 
problem If commercially produced enclo- 
sures ar^ used at a full-scale plant. Based 
on process modeling and observations of 
the pilot plant, methane production should 
be substantial. 

Capital costs for the AquaCell ayatem 
are estimated to.be approximately $1 to $2 
per gallon of treatment capacity per day, 
depending on the size of the system. This id 
comparable to thei cost of primary^ clari- 
fiers. In 1982, this process was- considered 
to be innovative e^nd qualified for 85 per- 
cent federal assistance through the Con- 
struotion Grants Program. 

Maintenance and operating costs should 
be low because a separate sludge digestion 



CHAPrgRT^m 



26 



i4» 



29 



. .5 



Solar Aquasysfems Inc., at fho San Blljo Water Pollution Control Facility 



process is not recjtilred dnd^here fxre no 
chemical costs.. Sludge can accumulate in 
the cells for relatively long periods of time 
which reduces handling and related costs. 
The systdm also eliminates the need for 
primary clarifiers and their associated 
costs. Because the system treats the waste- 
water (not JU|t separating the sludge like 
clarifiers) , pathogens are significantly 
reduced and disinfection costs would be 
lower. Operator training requirements are 
minimal; bepause the AquaCell system is 
simple to operate. % 



HIOHLIOHTS AND CUIIIIINT STATUS 

As this test project demonstrated, the 
two-stage anaerobic process for primary 
treatment had the following advantages: 

1) Relatively httle energy is required. 

2) It operates effeetively a{ moderate 
temperatur^. 

3) Methane gas is produced and could 
be collected. 

4) It is stable and tolerant to variations 
in influent. 

5) Maintenance and operating costs are 
^w. 

6) ^Capital costs are competitive with 
primary olarifiers. 

7) It is simple and has no moving parts. 
The anderobic AquaCell system avoids 

the drawbacks common to anaerobic 
sludge digestion systems and chaaerobic 
lagoons. It can gather the gas produced 
and control odors; opeivanaerobic lagoons 
oannotj^ The AquaCell is a medium- rate 
system and relatively stable. Consequent- 
ly, it could operate for long periods .with 
only intermittent checks and would not re- 
quire special operator skills. High- rate, 
anaerobic sludge digestion systems ar^ 
relatively sensitive and unstable, and re- 
quire careful monitoring to maintain 
jDroper performance. 

In 1978, the Solar Aqupsystems project 
was one. of the first to study the perfor- 
mance of a two-stage, anaerobic, fixed- 
film, primary treatment system at the pilot 
scale. Since then, numerous sLngre-qell, 
upflow syst^Mns have boen built. As of 1982, 
similar systems are eligible for 85 percent 
funding under EPA's Innovative and Alter- 
native Technology Program, and EPA is 
funding additional-research. 



WHO TO CONTACT 



Mr. Steve SerHing, President, 

Solar Aquasystems, Inc. ^ 

P. O. Box 88, 

Encinitds, CA 92024 

Telephone (619) 753-0649 

Final Report: NCAT ID§ CA^78^032 

DOE^ Contpoct No. : DE-FG03-78R901948 
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Aft«r primary tr«atm«nt 
of t}i« ilom«ftlc^aftttwatttr 
in C«llf On« and Two, th* 
•fflu«nt was tr«at#d In thr«« 
mor* c«llf . Eoch of th« addi> 
tional edit contained filgfi 
surf<|Ctt "bio-film" and "bio- 
wttb" subftrotM . C«ll ThrM 
was facultative and used a 
small surfc^e aerator and 
diffuse bubbUj aer^ition. 
Wat^r hyacinths, du'cl^weed 
and fish were used in the 
last two cells/The final three 
cells were funded by the 
Department of Interior and 
the Environmental Protec- 
tion Agency. 

If the products of aquacul- 
ture wastewater treotnnent 
are to be fulty used, heolth 
hazards found in thesewage 
must be removech The final 
three cells were used to 
remove heavy metqis, PCB's, 



pesticides. patKogens. SS, 
BOOs, ammonia, and other 
nitrogen and phosphate 
compounds. 

The system was tested to 
see how well the series of 
five cells removed heavy 
metals and other toxic 
compounds. After measur- 
ing the amounl^of the .com- 
pounds added to Cell One 
dnd the omourtt of theie 
compound^ in the effluent 
leaving Cell Five, the re- 
searchers reported ex- 
tremely high removal effi- 
ciencies,- Results Indii^ated 
that removal rc^es with 4- or 
5-day reten*^ion times were 
adequate to allow reuse of 
effluent for food production, 
if Influent concentrations of 
toxics are within the range 
of domifttic, rather' than 
industriqR types of sewage. 
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ViRMICOMPOSTING: 



WORMS USED TO PROCESS SLUDGE Lufkin, Texas, Sewer Treatment Plant 



Previous experimental work done In San 
Jose, California, and the practical use of 
sludge in the worm/fish bait industry in 
Texas, indicated that worms could be used 
to process sludge. Aware of this work, the 
City of Cuikin began construction of a 
22,800 ft^ vermlcompoating unit at the 
city's Sewer Treatment Plant in 1979. 



Eorthwormt front form 
lorg* volumot of orgonic 
woft^t to •arthworm mo- 
nur«. coll«d cottingt. Thlf 
procttf f If known ot "vmrml- 
. composting." jhtt convection 
of wott«f to cottlpgt In- 
crMt«f th« turfoCtt or«o 
•normoutly, and thlt occfl- 
•rotttt drying ond Ailcrobiol 
octivlty. Costings cruirit>Ti» 
•oslly and no longer g«n«r- 
oto hMt, so postings or* a 
finished Compost that will 
not burn plants. 

Vormkbmpo«tlng of wostM 
at any mor* than bockyord 
tcoU hos b—n proctlcod only 
sine* f 970. In that yoar, a fa- 
cllity In Hollands Landing, 
Canada, started v^rmlcom* 
posting s«wog« sludg«, food* 
procMslng wastes, and mo* 
nurm. Worms hov* conv^rt^d 
pulp and pop«r sludges to 
castings In JofKin sine* 1^71 . 
Th# Jop>on«t« hovtt •xpond«d 



VfUMICOMPOSTINC 



th«lr efforts to Includo tho 
processing of municipal 
sludg« and othor wosto. In 
th« United StotM, pk>n«#rlng< 
•fforts In tho vormlcompost- 
ing .of jitwog* sludg« In- 
cluded dompnitrotlon prp|* 
•cts in Son Joso. California; 
Koysvlllo, Maryland; Rldg«- 
flold, Washington; and Titus- 
vlllo, Florida. Vormlcom- 
postlng is also boing us«d in 
Holland, Italy, and tho South 
Pacific. 

Basic and ap|ill«d r«t«arch 
at th# University of N«w York 
In Syracuse and Cornoll Uni- 
versity In Ithoco, New York, 
hove developed greoter fun- 
damental knowledge of 
eorthworm waste mohoge- 
ment systems. The objective 
of this work Is to provide a 
scientific and engineering 
basis for the design and op- 
eration of vermicomposting 
systems. 



TKHNOIOOICAL MOCISSIS AND 
OniATiON 



I 



The worms live in 12 cells, MCh 20-ft 
wide by 95-ft long (see Figure 3.6). There 
are six cells on each side of a central work- " 
ing aisle. Each cell has a bed of aged^ saw- 
dust, initially G-inches deep, spread on 
polyethylene film on the ground. For each 
square foot of surface area, there is about 
one-half pound of earth¥form8 • (£isen/a 
foetich). Each cell te constructed of steel 
^ tubing arches covered by two layers of six- 
mil plastic (one black^and one clear), filled 
with air from a blower. 

The Lufkin treatment plant Is a conven- 
tional 4.5 MGD facility with activated 
sludge secondary treatment. For.the vermK 



Pump SiMtlon 




79 f/tfrf»« H§§( 

St§biHx§Uon 



Figure 3.6 Lufkin Vermicomposting Facilities 



composting project, one part stabilized 
sludge from the primary clctrifier and one 
part secondary activated sludge are mix€td 
in a holding tank and pumped to the worm 
beds. The sludge 'mixture contains 3.5 to 4 
percent solids and is piped from the hold- 
ing and mixing tank and sprayed over the 
beds at a rate of .05 lb (dry)/d«y/ft^: Treat- 
ment plant operators designed special con- 
stant-pretaure valves to ^distribute the 
sludge. jQich bed Is covered by three < 
sprayers controlled by an operator from 
the central aisle. The worms ingest and 
digest the sprayed sludge; this? uses the 
water a^id stabilizes the sludge as it is'con- 
verted to castings. 

The worms are spray-fed sludge on an 
average of once a day for 3 to 5 minutes in 
the late afternoon. The 'beds are hosed 
down with additional water to keep them at 
the desirabie 70 to 95 percent moisture 
content. The beds are also monitored for 
temperature and pH. The optimum bed 
temperature range is 60^ to 75 ^F, and pH 
is kept at 6.4 to 6.9 with occasional applica- 
tions of small amounts of lime. When a crust 
'forms on top of the beds, usuwly at 1- to 
3-month intervals, the top 2 inches of the 
beds are rototilled lightly. It takes about 20 
minutes to till a 1 ,900 ft^ bed. Beds are tilled 
when the worms are relatively deep, so 
losses are minimal. One person can main- 
tain all 12 of the cells. 

Worms qre sensitive to changes in the • 
weather and are inclined to crawl out of the 
beds during rainy periods or thunder^ 
storms. Lights are turned on in the cells at 
these times to keep the worms from leav- 
ing. Normally, the cells are kept dark and 
well- ventilated. ^ 

Castings are toxic to the worms, and they 
must migrate Or die if fresh bedding is not 
available. At approximately 6-month inter- 
vals, of when fhe casting [exceed 50 to 70 
percent of the bedding, tKe material from 
three 2-foot wide trenches is temoved for 
the length of the beds, the trenches are 



Luikin. Texas, Sewer Treofmenf Plant 



filled with aged sawdust, and the fresh bed- 
ding areas are watered and fed while the 
rest of the bed Is left unmalntalned. The 
worms mlqrate to the new material; and 
after about 2 weeks the rest of the old beti- 
ding Is removed and replaced. 



In«r9y and Iconomlcs 



Due to the experimental nature of this 
project; the state Healt^i Department does 
not allow Lufkin to sell either worms or 
castings. The castings are used by the 
Lufkin Parks and Recreation Department as 
a soil amendment-fertilizer and potting 
soil. The wholesale Value of castings is 
about $30 per ton, but to date the Health 
Department restrictions still stand, and no 
commercial development has taken place. 

Under good conditions, the worm popu- 
lation doubles every 2 to 3 months. Assum- 
ing a 25 percent recovery 'rate, about 
10,000 lb of worms could be harvested 
every 6 months. At $1 .50 per pound fcg: live 
worm%, the income potential is about 
$15,000 per year. As a protein source for 
fish or animal feed, worms are worth about 
$130 per ton. 

Exclusive of potential income from cast- 
ings and worms, vermicomposting . is a 
promising sludge processing technology. 
Based on the Lufkin dflita, it is estimated 
* that Ihe^cost of processing sludge is from 
$160 to $184 per dry ton, which is compar- 
able to the costs of other treatment proc- 
esses (see Table 3.4). 

This process is quiet, requires negligible 
energy, produces ''topsoil" and protein, 
and uses biological processes rather than 
energy and chemicalp to process the 
sludge. 



tlurffe Dlt^oMl Method 


\ $/DryTofi 


Incineration 


\ $96 to 2S7 


Composting 


\ $fU to 239 


Surffoctt impoundm«nti 


\ Apprx. $30 


Landfiiit 


\ $68 to 271 


Oc«on dumping 


\ $36to 60 


OcMn dltcharg« 


\ Apprx. $24 


LandtprMdIng . 


\ $48 to 251 



Source: 

Office of Watttr Progrom Op«rationt, U.S. EnvlroniVi^ntol Protec- 
tion Agency, A Oultfe to Rsf uM lom mi OuImum for the 
UtIllMf Ion mnd DltfMMl ef MimfdiNil 8Im^, EPA.430/9 00- 
015. Wothlngton DC. September 1960. (Ad|utt^^dr 1962 $.) 



TABU 3.4: COSTS Of SLUOGf DISPOSAL (1987 



^Hishllghfe ond Current ftcitue 

Four of the twelve beds at Lufkin are fully 
operational. The other crt^ht are now being 
reconditioned after suffering from delayed 
maintenance and ant pl'edatlon. 

Restrictions on the sale of worms and 
castings produced by the system have ham- 
pered commercialization; but the project 
has added substantially to the knowledge 
and practical information on vermicom- 
posting at a relatively large scale. 

The Lufkin vermlcompostlng effort has 
stayed in operation, despite setbacks, 
because -of strong and continuing support 
from local officials. The project has also 
benefited from assistance from the U.S. 
Department of Energy and the State of 
Texas. 



WHO TO CONTACT 



Mr. Harvey Westerholm, City Mana^r 

City of Lufkin 

300 East Slieplierd 

P. O. Drawer 190, lufkin, TX 75901 

Telephone (713) 634-8804 

Final Report: NCAT ID § TX 79-008 

DOE Contract No, : DE-FG46'79H610985 
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CHAPTER FOUR: 



IBSSONS LEARNED AND FUTURE DIRECTIONS 



Ihe case studies featured in this pulilic<v^ 
iiori; other projects conducted under' the 
Department of Energy's Appropriate tech- 
nology Small Grants Program, and related 
work provide iseveral valuable lessons for 
those concerned with municipal sewage 
collection and treatment. 

WcurtM axm rMourcM. Chicago uses 
digester gas \o produce steam. In North 
Andover,,the plant effluent stream is being 
harnessed to produce electricity. And at 
Lufkin, worms are, processing sludge to 
produce a valuable^soil amendment. 

CcQMnratlpn worlct and pay*'*" On a 
national basis, approximately 20-25 percent 
of municipal wastewater treatment budgets 
is allocated for energy. As the case studies 
indicate, there are two basic ways to 'cut 
.energy consumption and costs: audit and 
manage treatment processes effectively, 
and use th^esources of the ''wasteq" and 
the treatmwit processes the^nselves. The 
Walterboro project dqjuonstrates the value 
of energy audits and management, and the 
Chicago and North Andover prgijects^ use 
byproducts of the treatment process to help 
meet in-plant energy requirements. 

Work with what you harm^ Major 
changes are not necessary to achieve re- 
sults. Walterboro, North Andover, and 
Chicago all built on existing situations to 
improve the performance of their systems, 
and all three of these projects .also recycled 
equipment and buildings as their treatment 
plants evolved. 

Modify whmn timo and mon«y pormit. 
Working with what ydu^ have applies to 
time and money as well hs#jpquipment and 
bui-ldings. Sewage treatntent is a major 
component of municipal buidgets, and cost 
savings can be realized by. incorporating 
improvements into long^^ranqe planning, 

Um probloms to #xplor«'^ options. No 
one likes to see problems crbpiup, but when 
they do, *hey often bring opportunities 
along with them. In each case cited in this 
publication, an existing problem was the 
motivation fdr change: high energy co^ts, 
non-compliance, inadequate capacity. A^ 
this publication also illustrates, there is a 
wide range of option^ available to help 
solve problems. 




Sewage probUms will not go away. 

Sewage collection and treatment is a persis- ^ 
tent rt^d and essential service m this coun- 

- try. It is a service taken ^or granted by most ' 
of the populj^ion, in effect, this places 
additlona^l responsibility on professionals 
who .Act on the public's behalf. Recent 
experiences and a broader understanding 
of environmental hazards, water resource ' 
cycles, and the increasing costs of all public 
services make it even more important to 

' develop and 9perate the most eflective and 
efficient sewagp treatment systems possible. 

Appropriate tochnologi#t can holp 
prOTido cmswoni. Appropriate technol- 
ogies, applied to both conventional and 
alternative forms of sewage treatment, can 
help plant managers harvest the energy 
and nutrients of sewage. Viewing sewage^ 
as a resource rath>3r than a liability oan 
save energy and taxpayers' money. 
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APPENDIX A 



tlLICTID SIWAOl TMATMINT PROJICTS PROM THI 

OIPAtTMINT OP INIIlOY APFROPRIATI TICMNOlOOy SMALL GRANTS PROGRAM 



ro)«ct typ# 



Project grantM 



Pro)#ct 9caU 



Algae and plant blomass 
gsed to treat wastewater 
converted to alcohol 

An alternative on-site sew- 
age system to conserve 
water ^ 

Bacterial seeding used to , 
save energy 

Blue-green algae used to 
treat wastewater 

Conversion of sewage 
/iludge to oil with hydropy- 
rolysis 

Fish and bivalv'es used to 
remove suspended solids 

Methane digester for waste- 
water grown aquatic plantfe 

Methane produced from 
municipal refuse 

On-site vermicomposting 
used to convert commercial 
producfe - 

Owner-built compost tpilet 
design 

Sequencing mesophilic and 
thermqphilic anaero*bic 
digesters ^ 

Sewage treatment effluent 
used as evaporative coolant 
for splid waste-fired gener- 
ating plant ^ 

Solar enei^gy used i6 dry 
sludge H 



Water hyacinths in solar 
greenhouses used to treat 
wastewater 



City of Cayce, SC 



Soil-crete S<|^pr Company, 
Navajo Dam, NM 



irwA 



Department of Publiifc 
Works, SpringfieldrMA 

Experimental Energy, Envi- 
ronment, Inc., Atlanta, GA 

Patrick S. Kujawa, 
Vienna, Va 



Everett Sewer Department, 
Everett, WA 

Solar Aquasyst^s, 
Encinitas, CA 

North Country^Recycling & 
Resource Recovery, 
Winthrop, NY 

Semple Street Food Co-op^ 
Pittsburgh!^ PA 

t 

farallbnes Institute Rural 
Center, Occidental, CA 

City of Atlanta, GA 



Valley City, ND 



Jefferson Parish Dept. of 
^Pubhc Utilities, 
New Orleans, LA 



) dlty of San Marcos, TX 



Pilot- scale test system 



Full-scale test system 



Small-scale test system 



Small-scale test system 



Feasibility stuciy 



S 



Small-scale test system 



Small-scale test system 



Pilot- scale test system 



Full-scale test system 



Full-scale test system 



Bench-scale test system 



FeAsibility study 



Small-scale test system 



Pilot- scale test system 
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